Recently the ATLAS and CMS Collaborations have reported significant events that are attributed to the neutral Higgs boson with mass around 125 GeV. In this work, we investigate the signals of the Higgs boson decay channels h → γγ, h → V V * (V = Z, W ), and h → ff (f = b, τ ) in the µ from ν supersymmetric standard model (µνSSM). In the numerical results, we show the light stop and stau effects on the signal strengths for the 125 GeV Higgs boson decay channels in the µνSSM, which can account for the updated experimental data on Higgs.
I. INTRODUCTION
As the simplest soft broken supersymmetry (SUSY) theory, the minimal supersymmetric standard model (MSSM) [1] has attracted the attention of physicists for a long time.
Furthermore, there is the SUSY extension of the standard model (SM), called the "µ from ν supersymmetric standard model" (µνSSM) [2] [3] [4] , which solves the µ problem [5] u is generated spontaneously through righthanded sneutrino vacuum expectation values (VEVs), µ = λ i ν c i . Additionally, three tiny neutrino masses are generated at the tree level through a TeV scale seesaw mechanism [2, 6] .
To understand the origin of the electroweak symmetry breaking and search for the neutral Higgs [7] predicted by the standard model and its various extensions is the main goal of the
Large Hadron Collider (LHC). Recently the ATLAS and CMS Collaborations have reported significant excess events for a new boson, which is interpreted as the neutral Higgs with mass
around 125 GeV at 5.0 σ level [8, 9] . The CP properties and couplings of the particle are also being established [10, 11] . This implies that the Higgs mechanism to break electroweak symmetry has a solid experimental cornerstone. In this paper, we investigate the 125 GeV
Higgs decay channels h → γγ, h → V V * (V = Z, W ), and h → ff (f = b, τ ) in the µνSSM. In the numerical analysis, we show the light stop and stau contributions to the signal strengths of the Higgs decay channels.
Our presentation is organized as follows. In Sec. II, we briefly summarize the main ingredients of the µνSSM by introducing its superpotential and the general soft SUSYbreaking terms, in particular discussing the Higgs sector. We present the decay widths and signal strengths for h → γγ, h → V V * (V = Z, W ) and h → ff (f = b, τ ) in Sec. III. The numerical analysis are given in Sec. IV, and Sec. V gives a summary. The tedious formulae are collected in Appendixes A-D.
II. THE µνSSM AND THE HIGGS SECTOR
Besides the superfields of the MSSM, the µνSSM introduces three singlet right-handed neutrino superfieldsν , once the electroweak symmetry is broken. The last term generates the effective Majorana masses for neutrinos at the electroweak scale, and the last two terms explicitly violate lepton number and R-parity. In SUSY extensions of the standard model, the R-parity of a particle is defined as R = (−1)
L+3B+2S [1] and can be violated if either the baryon number (B) or lepton number (L) is not conserved, where S denotes the spin of concerned component field. R-parity breaking implies that the lightest supersymmetric particle (LSP) is no longer stable. In this context, the neutralino or the sneutrino are no longer candidates for the dark matter. However, other SUSY particles such as the gravitino or the axino can still be used as candidates [3] .
In the framework of supergravity-mediated supersymmetry breaking, the general soft SUSY-breaking terms of the µνSSM are given by
and the neutral pseudoscalar mass squared is
Compared with the MSSM, M 
the mass squared matrix M 2 which contains the radiative corrections can be diagonalized:
Here the neutral doubletlike Higgs mass squared eigenvalues m 2 h(H) can be derived [14] ,
where
The mixing angle α can be determined by [15] sin 2α = 2M
which reduce to − sin 2β and − cos 2β, respectively, in the large m A limit. The convention is that π/4 ≤ β < π/2 for tan β ≥ 1, while −π/2 < α < 0. In the large m A limit,
One most stringent constraint on parameter space of the µνSSM is that the mass squared matrix should produce an eigenvalue around (125 GeV) 2 as mass squared of the light doubletlike Higgs. The combination of the ATLAS [8] and CMS [9] for the neutral Higgs mass
gives [16] m h = 125.7 ± 0.4 GeV.
This fact constrains parameter space of the µνSSM stringently.
III. THE 125 GEV HIGGS DECAYS
At the LHC, the Higgs can be mainly produced by the gluon fusion. In the SM, the leading-order (LO) contributions originate from the one-loop diagrams involving virtual top quark. The cross section for this process is known to the next-to-next-to-leading order (NNLO) [17] which can enhance the LO result by 80%-100%. Beyond the SM, any new particle which strongly couples with the Higgs can modify the cross section of the process significantly. In the new physics (NP), the LO decay width of h → gg process is given as (see Ref. [18] and references therein) 
(I = 1, . . . , 6),
where the concrete expressions for C The decay width of the Higgs to diphoton decay at LO in the SM is derived from the one-loop diagrams which contain virtual top quark or virtual W boson. In the NP, the thirdgeneration fermions (f = t, b, τ ) and W boson together with the supersymmetric partners give the contributions to the LO decay width for the Higgs to diphoton decay, which can be written by
g hχ
and the expressions of g hτ τ , g hW W , g hS
where the concrete expressions of C
can be found in Appendix B. Here, if supersymmetric particles are heavy, the contributions of supersymmetric particles will become small.
And then, the main contributions of the Higgs to diphoton decay width at LO is derived from top quark, bottom quark, and W boson.
The light doubletlike Higgs with 125 GeV mass can decay through the channels h → W W * , h → ZZ * where V * (V = Z, W ) denoting the off-shell electroweak gauge bosons.
Summing over all modes available to the W * or Z * , the decay widths are given by [19] Γ
with g hZZ = g hW W and the form factor F (x) is formulated in Appendix C. The partial decay width of the 125 GeV neutral Higgs into fermion pairs is given in the Born approximation by [20] Γ
with g hbb ≃ g hτ τ .
Normalized to the SM expectation, the signal strengths for the Higgs decay channels are quantified by the ratios [21] 
where ggF and VBF stand for gluon-gluon fusion and vector boson fusion, respectively.
Normalized to the SM values, one can evaluate the Higgs production cross sections
with the 125 GeV Higgs total decay width for the NP
where we have neglected the contributions from the rare or invisible decays, and Γ h SM denotes the SM Higgs total decay width. Through Eq. (24) and Eq. (25), we can quantify the signal strengths for the Higgs decay channels in the µνSSM 
with
Therefore, we could just analyze the signal strengths µ The latest LHC measurements of the Higgs decay rates are summarized in Table I, where we also compute the weighted averages for the signal strengths µ 
to constrain the numerical evolution of µ ggF V V * in the following. Since the measured rates for the channels h → ff still have large experimental error at now [22] [23] [24] , here we will not consider their experimental values to constrain the channels h → ff in the µνSSM.
IV. NUMERICAL ANALYSIS
There are many free parameters in the SUSY extensions of the SM. In order to obtain a transparent numerical results, we make some assumptions on parameter space for the µνSSM before performing the numerical calculation. In the following, we make the minimal flavor violation (MFV) assumption
where i, j, k = 1, 2, 3.
Restrained by the quark and lepton masses, we have 
, one can solve the minimization conditions of the neutral scalar potential with respect to υ ν i (i = 1, 2, 3) as [6] :
where G 2 = g could be approximately written as
Here, the main contribution to the mass squared is the first term as κ is large, due to
. Therefore, we could use the approximate relation
to avoid the tachyons.
Before the numerical calculation, the constraints on the parameters of the µνSSM from neutrino experiments should be considered at first. Three flavor neutrinos ν e,µ,τ could mix into three massive neutrinos ν 1,2,3 during their flight, and the mixing is described by the Pontecorvo-Maki-Nakagawa-Sakata unitary matrix U P M NS [32] . Through several recent reactor oscillation experiments [33] , θ 13 is now precisely known. The global fit of θ 13 gives [34] sin 2 θ 13 = 0.023 ± 0.0023.
The other experimental observations of the parameters in U P M NS for the normal mass hierarchy [34] 
In the µνSSM, the three neutrino masses are obtained through a TeV scale seesaw mechanism [2, 6] . Assuming that the charged lepton mass matrix in the flavor basis is in the diagonal form, we parametrize the unitary matrix which diagonalizes the effective neutrino mass matrix m ef f (see Ref. [12] ) as [35] 
where c ij = cos θ ij , s ij = sin θ ij . In the next calculation, the values of θ ij are obtained from the experimental data in Eq. (34) and Eq. (35) , and all CP violating phases δ, α 21 , and α 31 are set to zero. The unitary matrix U ν diagonalizes the effective neutrino mass matrix m ef f in the following way:
).
For the neutrino mass spectrum, we assume it to be normal hierarchical, i.e., m ν 1 <m ν 2 <m ν 3 , and we choose the lightest neutrino mass m ν 1 = 10 −2 eV as input in our numerical analysis, limited by neutrino masses from neutrinoless double-β decay [36] and cosmology [37] . The other two neutrino masses m ν 2,3 can be obtained through the experimental data on the differences of neutrino mass squared in Eq. (35 
We also impose a constraint on the SUSY contribution to the muon anomalous magnetic dipole moment a µ in the µνSSM [12] . The difference between experiment and the SM prediction on a µ is [31, 38] 
with all errors combined in quadrature. Therefore, the SUSY contribution to a µ in the µνSSM should be constrained as 1.1 × 10 −10 ≤ ∆a µ ≤ 48.5 × 10 −10 , where a 3σ experimental error is considered. In Ref. [12] , we can know that the experimental data for a µ will give a large constraint on the parameter M 2 , for a given value of tan β. 
Taking mL 3 = mẽc 3 = 1 TeV to ignore the light stau effect, we study the light stop effect on Higgs decays in the µνSSM in Fig. 1 , by scanning the parameters listed in Table II .
In Table II , we take relatively small value of the parameter λ, considering the Landau pole condition at the high-energy scale [3] . In the scanning, we avoid the tachyons, simultaneously coinciding with mχ0 1 > mt 1 , and the heavy doubletlike Higgs mass m H ≥ 642 GeV [41] . The results are also constrained by the light doubletlike Higgs mass with 124.5 GeV ≤ m h ≤ 126.9 GeV and the muon anomalous magnetic dipole moment 1.1 × 10 −10 ≤ ∆a µ ≤ 48.5 × 10 −10 , where a 3σ experimental error is considered.
In Fig. 1 , we plot the signal strengths µ ∼ 2 TeV. This shows that the light stop effect can be of either sign, depending on the parameter X t = A t −µ/ tan β, as we will discuss in detail below. Coinciding with the MSSM, the stop loop contributions to the gg or γγ amplitude in the µνSSM can be approximately proportional to [42] [43] [44] [45] [46] ∆At gg,γγ ∝ m
For
), the stops lead to an enhancement of the gluon-gluon Higgs production.
So, the signal strengths µ
) ∼ 2 TeV. In Fig. 1 , the signal strength µ ggF V V * can reach 1.25; however, the signal strength µ ggF γγ just reaches 1.17, since the stops lead to a reduction of the Higgs to diphoton decay width for X Table I and the dashed lines to the 1σ intervals.
the Higgs to diphoton decay in the µνSSM in Fig. 2 , where we scan the parameter space listed in Table III [43, 46, 47] .
V. SUMMARY
In the framework of the µνSSM, we attempt to account for the experimental data on Table I . Here the average of the two values is just used as a rough guideline.
In the near future, further constraints can be obtained from more precise determinations of the signal strengths in the measured decay channels at the LHC. .
The one-loop radiative corrections from the bottom quark and its scalar partnerb 1,2 are formulated as
Similarly, one can obtain the one-loop radiative corrections from the τ lepton and its scalar partnerτ 1,2 :
Appendix B: The couplings
The couplings of CP-even neutral scalars and charged scalars are formulated as
The unitary matrices R S , R S ± (and R u , R d , Z + , Z − below) can be found in Ref. [13] .
The couplings between CP-even neutral scalars and squarks are written as
The interaction Lagrangian between CP-even neutral scalars and charginos is formulated as
and
